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PNEUMATIC ETCHING DEVICES 

The piesent inventicm relates to inqirovements in pneumatic etching devices. In 
particular it relates to inqHrovements in a device for etching or engraving glass, 
Claude or olher materials by inqpact ftom a flow of abrasive particles. 

Pneumatic etching devices are described, for exan^le, in US 4,048,918. This device 
conpises a gun unit with a tubular barrel, the barrel connected to a reservoir of 
abrasive particles via a pipe extending from the barrel. The barrel is also connected to 
a source of compressed air which flows through the barrel. The reduced pressure in 
the barrel caused by the flow of compre^ed air causes the abrasive particles to be 
drawn up Ihe pipe into the barrel where they are entrained in the air flow and 
propelled onto a sur&ce to be mariced, preferably through a stenciL 

The barrel is located vsdthin a housing with an opening at one end to allow the 
abrasive materia] to contact the surface to be marked and a separate fitltered outlet for 
the con^wessed air. In use, die opening of the housing is held against the surfece to 
be madced and the abrasive particles are propelled against it. Particles rebounding 
fiom die sur&ce are contained by the shroud and Ml back to Ifae reservoir. 

One problem with dus arrangement is that the abrasive material and the material 
removed fiom flie sur&ce being etched can clog in the housing, preventing the device 
fiom working efBdently . Another problem is that the seal between the housing and 
the surfiice to be marked is generally poor, mainly because the pressure inside the 
housing is higher dian atmospheric pressure. This allows particles to esc^e fiom the 
housing and can also leads to movement of die device over die sur&ce being etched, 
causing smudging around die edges of the area being etched or, when a stencil is 
used, blurring of die shs^e it defines. 

These problems are addressed by removing spent material using a vacuum. For 
exan^le, m GB 2 124 944, die housing also has a cot^ling which is connected to a 
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vacuum souice.. In use, the spent abrasive particle ate contained by flte housing and 
dmwnaway fiom the device by ttie vacuum. A similar sohition is desciibed in GB 2 
207 625 A. 

S However, fliese device need to be connected to both a souice of compressed air to 
drive the abrasive particles and to a vacuum source to draw away the spent particles 
and eroded material. This malces them unwieldy to use and also necessitates support 
fiom two additional machines, usually a compressor and a vacuum cleaner. 

1 0 The present invention seeks to address lliis problem by providing a pneumatic etching 
device which uses a vacuum to remove spent particles firom the housing but generates 
the vacuum internally using the compressed gas source that drives die abrasive 
particles. 

IS Accordingly, the present invention provides a pneumatic etching q>paratus including: 
entcaining means for entraining abrasive particles in a first part of a gas flow and 
propelling them against a sur&ce to be etched; and drawing means for drawing spent 
particles and debris away from the sur&ce, wherein the drawing means is poweied by 
a second part of the gas flow. 

20 

Preferably, the apparatus includes a shroud for containing the abrasive particles. 
Preferably, the means for drawing spent particles away fiom the surfiu:e includes a 
nozzle directing the second part of the gas flow away fiom the surfece, thereby 
causing a reduced pressure within the shroud. Preferably, the second part of the gas 
25 flow is directed to an exhaust port via a convergent chamber communicating with 

volume defined by the shroud. Preferably, the apparatus includes means fi)r allowing 
atmospheric air to enter the shroud close to the sur&ce. 

The entraining means preferably includes: a mixing chamber into which the gas flow 
30 draws the abrasive particles; and a convergent-divergent blasting nozade. Preferably, 
the blasting nozzle and the side walls of the mixing chamber form a single replaceable 
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unit Preferably, the abrash^ particles enter the 

substantial^ perpendicular to the axis of fhe convergent divergent nozzle and 
preferably fhe path is formed fiom a channel on Ibe outside of Ibe mixing chamber 
wan. 

5 

The etcbmg qqyaiatusnoay include a bppperfersto^ 

including a particle outlet for providing abrasive particles to the m^trainment means 
and a particle inlet fer receiving spent abrasive particles. Preferably, tiie particle 
ouflet is supplied with particles via a valve biased by a spring and a g^s flow in the 
10 particle inlet. 

The above and otiier aspects of tiie preset invention will now be described with 
reference to the accon^panying drawings in which: 

Figure 1 is a transparent view firom the side of an embodiment of an etching device 
1 5 according to the present invention; 

Figure 2 is a horizontal cross sectional view of the etching device of Figure 1; 
Figure 3 is a cross sectional view of a blasting nozzle capsule for use in the etching 
device shown in Figure 1; 

Figure 4 is vertical cross-sectional view of a hopper, which may be used with or 
20 incorporated into an etching device according to the present invention; 

Figure Sa is a transparent view fiDom the top of a manifeld of the hopper of Figure 4; 
Figure Sb is a transparent view fiom the left side of tiie manifeld of Figure Sa; and 
Figure 5c is a transparent view fiom fbe fix>nt of the manifeld of Figure Sa. 

25 With reference to Figures 1 and 2, one embodiinent of the etching device comprises a 
substantially cylindrical body 10 whh its fixmt end coupled to a substantially 
cylindrical shroud 11, preferably by a screw tiuread. The front end ofihe shroud 11 is 
connectable to a stencil holder 24 or other shroud attachment At the back end of the 
body 1 0, there is a gas port 1 2 for operative connection to a siqyply of compressed gas 

30 (not shown) and a particle port 13 for operative connection to a supply of abrasive 
particles (not shown). Also at this end of the body 10 is a central exhaust port 14 
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which allows spent abrasive particles, conqnessed gas and ottier material to leave the 
device. The exhaust port has a laiger diameter than the gas port and t^^ 
and m the embodhnent shown has a plurality of circumferential flanges 29 fixr 
retaining a flexible exhaust tube (not shown). 

5 

A gas control manifold 26 is mounted inside the body 10. The manifold 26 houses a 
blasting nozsde unit IS and a vacuum nozzle 16, botii positioned along the axis of the 
body 10. The blasting nozzle unit IS points along the axis of the body 10 towards the 
stencil holder 24 and the vacuum nozzle 16 is oppositely dir^ted The manifold 26 

10 also houses a vacuum nozzle siipply valve 18 for controlling the gas si:q)ply to the 
vacuum nozzle 1 6 and a blasting nozzle supply valve 19 for controlling the gas si^ly 
to the blasting nozzle unit IS. In the embodiment shown, the valves 18, 19 are piston 
type valves, biased in the closed position and controlled by actuators 20, 21 which 
pass through the body 1 0 of the device. A bore 1 7 within the manifold and connected 

IS to the gas port 12 passes to the vacuum nozzle supply valve 18 and to the blasting 
nozzle supply valve 19. In the embodiment shown, the valves 18, 19 are in series so 
that gas cannot be supplied to tiie blasting nozzle unit IS unless both the vacuum 
nozzle supply valve 18 and the blasting nozzle siqiply valve 19 are opea For 
convenience, the valves 18, 19 are positioned adjacent to each other so that the 

20 actuators 20, 21 are in a line parallel to the axis of the body 10. 

An actuating lever 22 is pivoted at one end about a hinge 23 positioned nearer to the 
back of the bodty 10 than the actuators 20, 21 of the two valves 18, 19. The lever 22 is 
positioned so that as the free end of the lever 22 is pushed towards the body 10, the 
2S vacuum nozzle supply valve 18 is opened, allowing compressed gas to flow through 
the vacuum nozzle 16. As the free end of the lever is pressed fiutho- towards the 
body 10, the blastmg nozzle supply valve 19 is opened, allowing conqnressed gas to 
flow tiuough the blasting nozzle unit 15. 

30 The vacuum nozzle 16 is directed into a fiusto-conical chamber 2SwU(^ts{)ers to t^^ 
exhaust port 14. The frusto-conical chamber 25 is coaxial with the body 10. The 
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length and diameter of the vacuum nozde 16 and the shape and size of llie fiusto- 
oonical diamber 25 aie selected to optimise the diaw provided by the vacuum syst^ 

Refecdng to Figure 3, the blasting nozzle unit 1 5 conqaris^ a cylindrical body 3 8 vnQi 
5 a convergent-divergent blasting nozzle 36 attached at one end The cylindrical body 
38 is ad^ted fi^ insertion into the gas control manifeld 26. An external screw thread 
37 positioned ^proximately half way along the blasting nozzle unit 15 corresponds 
widi an internal screw Hiread in the gas control manifold 26. The curved wall of the 
body 38 of the blasting nozzle unit 15 has an aimular channel 34 around its external 
10 circumference. Within the annular channel 34 is a radial bore 32 through ttie curved 
wan of the body 38. In the embodiment shown, the bo(fy unit 38 has circumferential 
O-rings in separate parallel channels on both sides of the annular channel 34. 

A gas nozzle 35 fits into the bocfy 38 of the blasting nozzle 15 to form a substantially 
15 cylindrical mixing chamber 30 inside the body 38. The gas nozzle 35 is machined to 
fit tightly and is shown further sealed using an O-ring. The length of the gas nozzle 
35 is preferably such that it extends to approximately level with the annular channel 
34 in the curved wall of the body 3 8 of the blasting nozzle 1 5 i^en fiilly inserted. 

20 The gas control manifbld 26 has a bore 39 adapted to receive Ifae blasting nozzle unit 
15. The diameter of the bore 39 is substantially the same as the external diameter of 
the body 38 of the blasting nozzle unit 15. The depth of the bore 39 is such that the 
gas nozzle 35 is heldmtiie blasting nozzle unit 15 by the end of the bore 39 when the 
blasting nozzle unit 15 is fiilly inserted into the gas control manifi>id 26. 

25 

The annular channels 34 around the blasting nozzle 15 and the internal wall of the 
bore 39 inihe gas control manifi>ld 26 form a tube around the blasting nozsde unit 15. 

A finther bore 27 in the gas control manifold 26 leads fit)m the particle port 1 3 to the 
30 tube around the blasting nozzle 15 formed by the annular channel 34. 
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In use, Die blasting nozzle unit IS tends to wear quickly axid it therefore designed to 
be easily ii^laceable. The bore 39 for receiving the blasttc^g nozzle unit IS is easily 
accessible when the shroud 11 is separated fiom the bo^ 10 of the device. A worn 
blastmg nozzle unit IS is easily unscrewed and a rq>lacement screwed^ There isno 
S need to further dismantle the device. In prior art etching devices, the mixing chansber 
30 or the blasting nozzle IS is usually integral to Hie device as a whole and 
replacement is more difficult 

To use the etching device, the stencil holder 24 or other shroud attachment is pressed 
10 against the material to be etched The actuating lever.22 is pressed towards the device 
body 10 to open the vacuum nozzle supply valve 18 and allow compressed gas to 
flow through the vacuum nozzle. The flow of gas from the nozzle into the frusto- 
conical chamber 25 causes the pressure in the device body 10 to reduce. This causes 
the device to suck itself onto the sur&ce to be etched, thereby sealing the stencil 
IS holder 24 to the sur&ce. 

The actuattog lever 22 is then pressed further towards the device body 10 to open the 
blasting nozzle siqiply valve 19 thereby allowing compressed gas to flow throng the 
blasting nozzle unit IS. As the gas leaves the g9S nozzle 3S, it sucks abrasive 
20 particles into the mhdng chamber 30 by a venturi effect The mixture of gas and 
abrasive particles is accelerated by the convetgent-divergent nozzle 36 and propelled 
a^inst the sur&ce to be etched. 

Particles rebounding from the surface are entrained in the gas flowing back past the 
2S gas control manifold 26 and carried out of the exhaust nozzle 14. The abrasive 
particles are blown by the gas flow from the blasting nozzle unit 1 S and sucked by the 
reduced pressure created by the gas-flow fix>m tite vacuum nozzle 16. 

When the surface to be etched has been sufBciently etched, the lever 22 is released, 
30 first cutting off the gas si^ly to the blasting nozzle IS, thereby preventing the release 
of further abrasive particles. However, flie flow of gas from the vacuum nozsde 16 
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CQntinues to suck flie temamnis abrasive particles away fiom the sur&ce Hiat has been 
etched and blow them towards ifae exhaust nozzle 14. As the lever 22 moves further 
fix)m the body 10 of the device, the gas suiiply to the vacuum nozzle 16iscutoffand 
the device can be removed fiom Ihe sur&ce fliat has been etched. 

The abrasive particles enter the device via coupling 13, flow down tibie bore 27 in the 
gas control manifold 26, along the annular channel 34 around the blasting nozzle IS 
and through the bore 32 into the mixing diainber 30. 

It should be noted that in conventional pneumatic etching devices, abrasive particles 
may continue to flow by a siphoning effect, by gravity or for some other reason. 
Particularly when etching a horizontal surfece, this can leave an abrasive residue on 
the engraved surface allowing undesired scratching. The present arrangement 
whereby the abrasive particles flow along the annular channel 34 around flie blasting 
nozzle 15, rather than entering the mixing chamber directly from the bore 27 in the 
gas control manifold 26 reduces fliis unwanted dribble effect Furthermore, 
maintaining a flow of air fix)m the vacuum nozzle 16 for a short time after the flow 
through the blasting nozzle has stopped helps prevent scratching of fte sur&ce to be 
etched by rogue particles. 

In a preferred embodiment, the shroud 1 1 has a plurality of small holes drilled around 
its circumference just behind the connector for the stendl-holder 24 or other shroud 
attachment These allow small amounts of atmospheric air to be drawn into the 
shroud 1 1, thereby in^iroving the efiBciency of the vacuum at removing the abrasive 
particles. 

For etching small areas, Ifae device is used with a stencil holder 24. The stencil holder 
can have any external shape such as circular, hexagonal, pentagonal, rectangular or 
square. Ifowever, a square sh^ is preferred since it fedlitates alignment of the 
device with an edge or comer ofthe surfece to be etched. The stencil holder 24 has a 
m ac h ined ledge for retaining most common types of stencil, which are conventionally 
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discshq)ed. Tlie stencQ holder is ixiade fiom metal or plastic m 
abrasion to ivMcli it is subjected. 

The device may also be used to etch an area larger than lhat defined by the shroud 1 1 . 
S This is achieved by replacing the stencil holder 24 with a shroud attadunent 
comprising an annular brush, the bristles being positioned around the circumference 
of the attachment. A large strip stencil is fixed to the surfece to be etched using 
mfljglring tape and fhe shroud attachment allows an operator to move the device over 
the stencil to produce the required design on the surface. Atnoospheric air is drawn 
10 into the shroud 1 1 between the bristles of the annular brush, helping to ensure that the 
abrasive particles are properly contained and improving the efficiency of the vacuum 
at removing the abrasive particleis. 

Preferably, the stencil holder 24 or the shroud attachment is attached to the shroud 1 1 
IS by a factional fit whh an O-ring seal, although a screw thread or other fitting may be 
used. 

In a preferred embodiment the gas used to power the device is compressed air, which 
is cheap, effective and readily available. However, oflier gasses may be used if the 
20 circumstances require it. 

The device is particularly ad^ted to the etching of artwork, security codes or standard 
marks on panes of glass but it will quickly be apparent that it may be used in other 
situations, such as stripping paint, where the etching away of a sur&ce is required. 

25 

One skilled in the art will quickly conceive of alternative uses for an etching device 
incorporating Hxe features of the device described above. For exanqple, on a larger 
scale, a device according to the present invention can be used fer sandblasting 
buildings, bridges or ships to remove paint of rust A larger device could be attached 
30 to a suitable vehicle and used fer removing unwanted road markings. 
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Some embodiment of tiie present mveation incorporate a hoi>per as a reservoir for the 
ahrasive particle and as a unit into which spent particles may be directed for 
recycling. 

5 One type of hopper conq^nises a sealed pot containing llie abrasive particles. 
Con^ttessed gas is supplied to the sealed pot to force the particles to tihe etching 
device. However, the hig^ pressure in the hopper is not advantageous. 

Another type of hopper uses an aspirator tube through which the etching device draws 
10 tike particles from the hopper. However, this type of hopper has been found to 
provide tihe particles in small bursts rather than as a smooth flow ^^ch makes it 
difficult to judge when an etch is conplete. 

Alternatively, particles may be drawn firom a hopper by a flow of compressed gas past 
15 an outlet from the hopper. This type of entrainment is least ^proptiate for the 
etching device desaibed above since it entrains the particles in a gas flow at too early 
a stage and requires an additional valve to ensure that the flow of particles is stopped 
when tbie device is de-activated. 

20 Chie embodiment ofa preferred hopper is shown in Figure 4. The hopper conoprises a 
particle container SO, substantially m the form of a cylinder attached to an inverted 
cone. The Bpex of the cone is attached to a domed base plate SI to allow the hopper 
to stand upright The particle container SO has a removable lid assembly 61 that is 
held in place cm top of the container by soap on clips. The junction between the lid 

2S assembly 61 and the contamer SO is sealed by a circular nfobergasksetSl. 

The lid assembly 61 conpises a lid S3 with a large circular central sq^erture S4. A 
cylindrical cartridge filter 55 sits on llie lid S3 such Ifaat the bore through its centre is 
aligned with die q)erture S4 in the lid S3. The top of the cartridge filter 55 is sealed 
30 by a circular cap S6. The aperture S4 in the lid is coveted from below by the open 
base of a substantially conical cap S7. The conical cap S7 t^ers downwards away 
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fix>mfheUdS3a2idhasapli]xaHtyofsinaUperfbrati^ Theapexof 
the conical cap S7 sits against Hie outer sui&ce of a substantially hemispherical 
deflector 58, qiproximately at the centre of flie deflector 58. 

5 The entire lid assembly is held together by a bolt 59 which passes Ihrou^ Ihe centre 
of the ciicular cap 56, the bore in Ihe cartridge filter 55, flie apoture in the lid 54, the 
apex ofthe conical cq> 57 and the centre of&e deflector 58. The bolt is secured with 
anut60. 

10 At the bottom of the hopper, within the domed base 51 is a hopper manifold 62. The 
particle container 50, base 5 1 and manifold 62 axe held together by bolts passing from 
inside Ihe particle container 50 to threaded bores 63 in the hopper manifold 62. 

Referring to Figure 5, Ihe manifold 62 has an abrasive particle outlet 64 for supplying 
15 abrasive particles to ihe particle port 13 of the etching device. Particles enter the 
manifold 62 via a siqjply bore 65 connecting the particle container 50 with a valve 
chamber 66. The diameter of the simply bore 65 is important ensuring a consistent 
si^ly of an appropriate amount of particles and is dependent on the size of abrasive 
particles used In the embodiment shown, the valve chamber 66 has an outlet leading 
20 to a spring chamber 67 with a larger diameter. The spring chamber 67 contains a ball 
bearing 68 witii a diameter larger than the diameter of the valve chamber 66 and a 
spring 69 which biases the ball bearing 68 against the outlet from the valve chaniber 
66. The outlet of Ihe valve chamber 66 and the ball bearing 68 thus form a valve 
which is biased into a closed position by the spring 69. The spring chaniber 67 
25 connects to the particle outlet 64. an alternative embodiment (not shown), the 
particle valve fonnedby Ihe ballbearing 68 and spring 69 maybe omitted. 

In a preferred embodiment (shown), there are three small si^sply bores 65 of 1.5mm 
diameter and the abrasive particles are a 220 grade gcit It was found that a single 
30 larger hole did not allow the abrasive particles to flow as smoothly into the valve 
chamber 67 and it was occasionally necessary to shake the hopper to make the 
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particles flow. The Hsree siqiply boies 65 ensute that the valve chamber 67 does not 
conipletely fill with gri^ Iheieby fidlitating operation of liie valve. 

Tlie manifold also has a larger abrasive particle inlet 70 for receiving particles, gas 
and other matsasi fiom the exhaust port 14 of the etching device. The particles aie 
delivira:ed into the particle container SO via a v^cal delivery tube 71 which passes 
through the apex of the particle container SO and terminates below the internal sur&ce 
of the deflector S8. In the preferred embodiment shown, tiiere is a small connectrng 
biasing bore 72 between tiie valve chamber 67 and Ibe delivery tube 71. Hie biasing 
bore preferably enters near the top of the valve chamber 67 so that it is not blocked by 
abrasive particles in the valve chamber 67. 

In one embodiment, the manifold 62 has a first coupling 73 for the supply of 
con^piessed gas and a second coupling 74 for attachment of a hose connecting the gas 
supply to the gas port 12 of the device. This enables all connections to the device to 
be bundled together between tixe hopper and the device fecilitating use by avoiding 
untidy connections. 

The hopper is preferably made fix)m metal or another conductive material which can 
be earthed to prevent the build up of static charge. 

Abrasive particles are stored in the hopper to a depth below the top of the delivery 
tube 71. 

As the etching device is actuated, compressed gas passes throu^^ the vacuum nozzle 
16. This gas flows through the exhaust p(»t 16 of die device and the abrasive particle 
inlet 70 of tiie manifold and xsp the deliveiy tube 71. The gas circulates around the 
deflector S8 and out through the cartridge filter 55. The pressure in the delivery tube 
71 is transmitted through the biasing bore 72 to reduce die bias generated by the 
spring 69 on the particle valve. The residual pressure in the particle container SO 
helps to push the particles through die supply bores 65. 
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When the device is fiilly actaated and gas passes llnough flie blasting nozzle IS, Hbe 
draw cteated opens the particle valve (if present), allowing particles to be sudced 
along the connecting hose to the device. The spent jiarticles will be carried by tiie 
established gas flow through the abrasive particle inlet 70 of the manifold and up the 
delivery tube 71. The abrasive i>articles will hit the deflector 58 and be pushed down 
into the particle container SO for re-use. Since by this stage, flie particles are 
travelling at relatively low speeds, wear to ftxe deflector is not excessive. Further 
separation of the gas fiom the particles is achieved by the conical cap 57 and the 
cartridge filter 55. The particles fill back into the particle container 50 and the gas is 
vented to atmosphere. 

When etching is con5)lete, the device is de-activated. First the gas flow through the 
blasting nozzle 15 is stopped The reduced draw firom the device causes the particle 
valve in the hopper to cloise (if present), preventing particles leaving the hopper. The 
gas flow through the vacuum nozzle 16 clears the particles from inside the shroud 11 
and carries them back to the hopper. 

Finally, the gas flow through the vacuum nozzle 16 is stopped This reduces the 
pressure in the delivery tube 71, further sealing tiie particle valve and preventing 
particles fiom leaking towards the device, particularly as a result of the siphoning 
effect mentioned above. 

The particle valve arrangement is particularly useful as a safety feature. The draw 
fiom the blasting nozzle 1 5 of the device is not sufBcient to overcome the bias created 
by the sfpring 69 and allow particles to flow to the etching device. It is also necessary 
to connect properly tiie exhaust port 14 of the device to the particle inlet 70 of the 
manifold in order to reduce the bias created by the spring 69 on the particle valve. 
Therefim, it is not possible for particles supplied fiom the hopper described above to 
be blown directly to atmosphere fix>m the exhaust port 14 of the device. 



wo 2005/056237 



13 



PCT/GB2004/050039 



Many variations are possible. For exan^le, Hie shape of the particle container nught 
be varied or a different filtering system might be used. 

One skilled in Ihe art will readily conceive of alternative embodiments of the 
invention described above. The present invention includes all such ahematives which 
&11 within the scope of the following claims. 



